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Abstract 
Good thermal performance of a green roof depends on the good condition of the materials in it. Here is presented 
a guide that vegetation must have to meet the strict requirements demanded by green roof extensive and semi 
extensive in the Metropolitan Area of Mexico City, when installed with this purpose. It also provides a list of species 
that survive under low maintenance deployed on a green roof capable to remain stable and densely covered. In a more 
extensive scope, are also taken into account the demands between the climate, the building, and the vegetation. 
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1. Introduction 
Deployment of a green roof on the building envelope can be motivated by many causes, most of them 
mentioned automatically by installation companies that sell them. The objective on this article is to define 
plant species that can improve the thermal performance of buildings in Metropolitan Area of Mexico City 
through the use of green roofs. To achieve this goal, vegetation must to be selected and deployed 
properly. 
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On this study has been established as a main evaluation parameter for the selection of plants, the 
species survival capacity in the climatic conditions of the Metropolitan Area of Mexico City (MAMC), 
with minimal maintenance, which also implies low water consumption. 
It has been demonstrated that an inadequate selection of species inevitably leads to failure of 
reforestation [1]. Also in urban vegetation about 70 to 90 percent of the problems are a result of an 
inappropriate choice of species [2]. On green roofs, Navas-Gómez † has shown that success in efficiency 
and better environmental performance of vegetation depends on a good selection of species [3]. 
Overweight generated by a green roof, and expense involved in strengthening the structure of 
buildings, is one of the factors that discourages its use in MAMC [4], so the systems that are considered 
more suitable are extensive and semi extensive. 
The criteria established, considers vegetation also in terms of sustainable gardening [5], for the 
metropolitan urban areas whit zero ecological culture hierarchy, according to Yeang [6].  
1.1. Metropolitan Area of Mexico City 
The metropolitan area is located within the Basin of Mexico, consists of 16 delegations of Mexico City 
and 18 municipalities of the State of Mexico (Fig. 1), with an area of 3,540 km2 which represents 37% of 
the basin. It is located on the 19° 20' North Latitude and 99° 05' West and it has an average elevation of 
2240 meters above sea level (masl) [7]. 
Ezcurra [8] lists the 10 major vegetation types distributed in the basin, which can be summarized as: 5 
types of forest, short oaks scrub, grasslands, xerophytic scrub forest, halophytic vegetation and aquatic 
vegetation. It is important to mention that local vegetation type that is compatible with the high altitude 
and temperate climate conditions of this region. 
The MAMC has a poor environmental quality. Currently one of the most critical aspect today is the 
lack of water. Tovar [4] with data from Montero [9] states that most private green areas in this zone are 
irrigated with drinking water, thus generating a competition with human consumption. Therefore greening 
buildings with low water consumption plants makes green roof viable. 
 
 
Figure 1. Metropolitan Area of Mexico City. In blue, delegations of the Federal District, and in yellow the municipalities of the 
State of Mexico 
 
† Profesor Researcher, Universidad Autonoma Chapingo, was introduces first green roofs in México City in 1984. 
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1.2. Climate 
Been a large region, MAMC has different climatic characteristics. For the most zones, the weather 
according to the adaptation of Garcia to Köppen’s classification is Cb (w1 w (i ') g. Climate is temperate, 
with extreme days and daily oscillation average of 13.8 °C. Summer is cool, clear and prolonged, and 
winter is dry. Annually, it has an isothermal oscillation type ranging from 5 °C to 7 °C. The average 
maximum temperature is 23.4 °C, though daily temperatures are recorded up to 33 °C. The average 
minimum temperature is 9.6 °C, occasionally recorded temperatures below 0 °C [10]. The normalized 
data show that the total maximum annual radiation average is 665.8 W/m 2, featuring 797 W/m2 in March, 
the month with more radiation [11] although daily measurements can record values above 1000 W/m 2. 
1.3. Scope of application 
First of all, we should mention that the only standard available specifically for green roofing in Mexico 
is the norm NADF-013-RNAT-2007 [12] for the Federal District that is focused on the constructive 
characteristics of three main types of systems. 
This standard recognizes that extensive systems must seek zero-maintenance vegetation that can 
withstand high radiation, long periods of drought, extreme temperatures and a height of less than 50 cm. 
The standard already includes some criteria that generally coincide with those presented in this article as: 
good, durable and fast growing ground-cover; resistant to wind action; resistant to long periods of 
drought; resistant to extreme temperatures in the area; resistant to the pollution in the urban area and 
capable to resist high solar radiation. 
Finally this official norm includes guidance, not restrictive of appropriate plants in extensive green 
roofs: Grass and wild grasses, C-4 Plants, CAM plants (Crassulacean Acid Metabolism), Dense ground 
cover plants, Evergreen herbaceous plants, Sub shrubs, Succulent and Perennials plants. 
So we see that the criteria set by the standard for selecting suitable vegetation, is correct but very 
vague. This article complements and deepens criteria for adequate vegetation for a thermally efficient 
green roof, which is also responsive to the needs of environmentally functional sustainable vegetation,. 
2. Native Plants 
Native plants are those that grow spontaneously in a region without the man care [13]. Being adapted 
to the climatic conditions of their natural environment, they survive without special care and require little 
maintenance. This vegetation type has evolved slowly in their natural range and their physical and 
biochemical mechanisms of defense are adapted. However, this stability is generally broken in the 
presence of introduced or exotic vegetation [14]. 
Exotic plants are those that are located outside their natural range because they were accidentally or 
intentionally introduced by humans [15]. They provide poor environmental services and therefore affect 
human welfare. This type of vegetation is also responsible for a huge number of extinctions of native 
species [14]. Introducing them carelessly in urban areas, promotes the creation of dysfunctional 
ecosystems.  
A third type of vegetation is composed by Naturalized species, which are those that have been 
introduced over a long period of time. The naturalization process of foreign species requires for their 
survival to overcome biotic and abiotic barriers. When the adaptation process is finished, the new species 
reproduce regularly in the new environment affecting or even displacing native plants [15]. 
Due to the above considerations, is a priority that green roofs in the MAMC (and country) are primary 
formed with native vegetation; as a second option can be used naturalized species. Exotic species must be 
 Edwin Israel Tovar Jiménez et al. /  Energy Procedia  57 ( 2014 )  1798– 1807 1801
avoided, and incorporated only if they provide clearly identified benefits and if we develop evidence that 
they do not cause important environmental damage.  
3. Weather Resistance 
Although we have mentioned that native plants are adapted to the natural environmental conditions, 
when a plant is considered native from Mexico, the precise conditions of the project site must be 
reviewed and contrasted with those that the plants need to settle down properly. 
For the MCMA, Carmona [3] tested the survival level of 68 different plant species integrated into an 
extensive green roof, only 33 of them managed to survive. The study was conducted from September 
1999 to march 2000 in Chapingo, located at latitude 19° 29' N, longitude 98° 53' W, at 2250 masl. The 
selection of species for this test was based on the proposal of Krupka and Pyrmont about efficient 
vegetation deployed on green roofs for temperate climates of Europe [16], and of these list of species was 
revised to include native or naturalized species present in the Valley Mexico. Thus it is known that 31 of 
the genera listed by Krupka are represented by at least 97 native plants and 30 naturalized in Mexico. 
The species with greater survival ratio were the succulent plants, followed by cacti. Table 1 and Table 
2, show the list of plants, with their survival category and indication of its life cycle.  
Table 1. Alive survivor species in a green roof settled in MAMC 
Species Survival Immigrant status Life cycle  
Opuntia lasiacantha Pfeiffer. A n p 
Opuntia streptacantha Lem. A n p 
Ortg navicularis Tradescantia. A n p 
Matuda sillamontana Tradescantia. A n p 
Echeveria amoena De Smet. A n p 
Echeveria nodulosa (Baker) Otto. A n p 
Hamet adolphii Sedrun. A n p 
Hemsl liebmannianum Sedrun. A n p 
HBK moranense Sedrun A n p 
RT Clausen rubrotinctum Sedrun A n p 
Ramosissima Villadia Rose A n p 
Elegans Crásula Schonl & Baker f. A e p 
Crásula Schonl socialism. A e p 
Kalanchoe daigremontiana Hamet & Perrier A e p 
Kalanchoe tomentosa Baker A e p 
Kalanchoe tubiflora (Harv.) Hamet A e p 
Source: Carmona [3]. Nomenclature: A= alive; n= native; e= exotic; a= annual; p= perennial; a/p= annual and perennial. 
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Table 2. Latent and resurrected survivor species in a green roof settled in MAMC 
Species Survival Immigration status Life cycle  
Tillandsia recurvata L. (L.) L w p 
Sisyrinchium tenuifolium Humb. Et BoNT.Ex Willd. L n p 
Aphodelus fistulosus L. L e a / p 
Cheilanthes bonariensis (Willd.) Proctor L n p 
Cheilanthes sinuata Lagasca ex Schwartz L n p 
Poyipodium thyssanolepis A. Braun ex Klotzsch. L n p 
Selaginella pallescens (Presl.) Spring. L e p 
Selaginella peruviana (Milde) Hieron. L n p 
Euphorbia undivided (Engelm.) Tidestr. R n a / p 
Euphorbia hirta var. procumbens (DC.)NE R n a / p 
Portulaca oleracea L. R e a / p 
Portulaca pilosa L. R e a / p 
Gomphrena decumbens Jacq. R n a / p 
Bidens pilosa L. R n a 
Florestina pedataq (Cav.) Cass. R n a 
Zinnia peruviana Jacq. R n a 
Source: Carmona [3]. Nomenclature: L= latent; R= resurrected; n= native; e= exotic; w= wide world distribution; a= annual; p= 
perennial; a/p= annual and perennial. 
 
The succulent plants were the fittest to survive in a green roof according to Carmona [3]. They are also 
the base of optimal vegetation model for extensive and semi extensive roofing proposed by Krupka and 
Pyrmont in the case of Germany [16]. Dominguez [17] found also in Chapingo, MAMC, that Sedum 
moranense HBK, species survived high water stress and heat. 
 
4. Characteristics of plants and its deployment 
Gernot Minke [18] mentions that if the vegetation is a dense layer "as a bear skin", increases the 
thermal insulation effect. 
Numerous studies have evaluated the positive effect of incorporating a dense vegetable layer to the 
green roof. Tabares-Velasco [19] recognize the contribution of plant coverage compared to a bare 
substrate layer; Palomo del Barrio [20] defines in detail how the values of Leaf Area Index (LAI) and 
foliage geometrical Characteristics determine the heat transfer related to long and short wave radiation. 
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Three subsequent studies mentioned that regardless of the weather for which you are designing, the 
density of vegetation improves thermal and energy performance of buildings. 
Sailor [21] with an Energy Plus model states that the characteristics of the vegetation that are most 
important for thermally efficient systems, from the standpoint of impacts on the heat transfer are through 
the roof height, LAI, fractional coverage, albedo, and stomatal resistance. The results of their study, done 
for the cities of Chicago and Houston, show that increasing LAI resulted in lower annual energy 
consumption in both cities, even when as a rule Chicago in winter time and Houston in summer time 
simulations show more sensitivity to green roof design variations. 
Kolb and Schwartz [18] in field measurements for a green roof with grass in the city of Stuttgart, 
Germany, established that in summer provides a cooling effect, reducing the temperature by up to 29 °C 
relative to the outer DBT. During January, which is the coldest month, when the outside temperature was 
-14 °C, the temperature under the 16 cm of substrate was 0 °C and at the foot of grass was -3° C, showing 
that the largest energy effect provided by vegetation is to reduce the thermal differential up to 11° K. 
For MAMC, Tovar [4] with an experimental model and Energy Plus simulation shows that the 
application of a system called " Lightweight greening system for roofing and/or walls and membranes 
based on vegetation gender hilocereus"‡ applied without substrate, with LAI of 3.2, fractional vegetative 
cover of 0.83 and applied on a simple concrete roof of a house, achieve to reduce by 40% the number of 
days requiring air conditioning due to overheating temperature in a year, it also decreased by 13% the 
number of days a year with thermal deficit. 
For these reasons, the first physical criterion to be taken into account when selecting a plant is the 
ability to cover densely the green roof. Thus it must to be selected a ground cover plant. 
Native ground cover survivor species for MAMC are listed in Table 3, which form dense canopies 
with high LAI and high coverage factor. Also noteworthy, the thermally efficient plant cover must be 
based on perennial life cycle species.  
Table 3 shows annual plants that were the fittest to survive in a green roof according to Carmona [3].  
 
Table 3. Survivor species in MAMC that forms a dense canopy, with high LAI and fractional vegetative cover 
Species Survival Immigration status Life cycle 
 Sedum adolphii Hamet. A n p 
Sedum liebmannianum Hemsl. A n p 
Sedum moranense HBK.  A n p 
Sedum rubrotinctum RT Clausen.  A n p 
Source: Carmona [3]. Nomenclature: A= alive; L= latent; R= resurrected; n= native; e= exotic; w= wide world distribution; a= 
annual; p= perennial; a/p= annual and perennial. 
 
 
 
 
‡
 Patent No. MX/a/2012/000723, in process.   
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4.1. Suitable grasses 
Based on the results obtained by Kolb and Schwartz [18] and Doug [22] in Toronto, Canada, a dense 
grass cover provides good thermal performance in both warm and cold periods.  
For the specific case of grasses selected for this work, measurements will be performed in other 
phase. At this time, the authors of this article have made a selection of grasses based on the basic criteria 
mentioned above, looking for the proper functioning of a thermally efficient green roof and generating 
positive impacts on the environment. The criteria established for the grass search was:  
x Native of Mexico 
x Perennial 
x Dense ground cover 
x 20 to 100 centimeters tall 
x Habitat: xerophytic scrub forest; reproduction by stolons, ruderal vegetation, growth in poor soil, 
altitude distribution similar to MAMC. 
Table 4 and Table 5, shows a selection of 16 from 120 suitable grasses revised in the Mexico’s Weed 
catalog [23]. This list only includes native plants, because in a previous process were discarded exotics. 
 
Table 4. Optimal grasses according to the criteria for selection of grasses in the MCMA.  
Rank Scientific name Cycle of life and 
Characteristics 
Dense ground 
cover 
Habitat 
Attractive 
O DesvauxiiEnneapogonP. Beauv. a /p, 50                
centimeters tall; 
Dense ground 
cover 
Altitude from 2300 to 2450 
MASL; 
 
OP Hilariabelangeri (Steud.) Nash p; Reproduction by 
 stolon, 5 to 35  
centimeters tall 
Dense ground 
cover 
It forms carpets With 
its stolons; mitigates erosion, 
high tolerance to drought 
 
OP Hilariacenchroides Kunth p; Reproduction by stolon, 
5 to 60 centimeters tall, 
usually we Among 20 and 
30. 
Dense ground 
cover 
Restores degraded 
soils. Xerophytic scrub 
forest. Arvense or 
ruderal. Present in Mexico's 
Valley. 
 
OP Boutelouagracilis (Willd. ex 
Kunth) Lag.ex Griffiths 
p; Reproduction bystolon; 
20 to 70 centimeters tall 
Dense ground 
cover 
Xerophytic scrub 
forest. Altitude from 2250 to 
3100 masl; Present in 
Mexico's Valley. 200 to 400 
milimeters rain 
water/year. Tolerates drought 
and cold. 
Beautiful 
flowers. 
OP BromusanomalusRupr. Former 
E. Fourn. 
p; Reproduction by stolon, 
usually we Among 70 and 
90 centimeters tall 
Dense ground 
cover 
Xerophytic scrub 
forest. Altitude from 2250 to 
3700 masl; Present in 
Mexico's Valley. Tolerates 
poor soils 
Beautiful 
flowers. 
O BrevifoliusScleropogonPhil. p; Reproduction by stolon, 
up to 25 centimeters tall. 
Dense ground 
cover. Forms    
large colonies 
Xerophytic scrub 
forest. Altitude from 23000 to 
2600 masl, not so present in 
Mexico's Valley 
 
Immigrant status: In this list all plants are native. Nomenclature: OP= Optimal priority: grasses with all searched characteristics; O= 
optimal whit one shortcoming; a= annual; p= perennial; a/p= annual and perennial. 
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Table 5. Very good, good, and incompatible grasses, according to the criteria for selection in the MCMA.  
Rank Scientific name Cycle of life and 
Characteristics 
Dense ground cover Habitat 
Attractive 
G Hordeum jubatum L. a /p, 75 centimeters tall, 
extensive rooth.          
Retains the soil. 
Growth in bunches Altitude from 1880 to 
2800 masl; Beautifull color 
and texture of 
flowers. 
V Heteropogon contortus (L.) 
Beauv. ex Roem. & Schult. 
p, 20 to 80          
centimeters tall; 
No dense ground        
cover 
Altitude from 2250 to 
2350 masl, ruderal, 
present in Mexico's 
Valley. 
 
G Setaria parviflora (Poir.) 
Kerguélen 
p; Reproduction by stolon; 
30 to 120 centimeters tall 
(out of tall range). 
Dense ground cover Ruderal and weed; 
Altitude from 2250 to 
2650 masl; Present  in 
Mexico's Valley. 
All year flowers 
in panicles. 
G Bouteloua media (E. Fourn.) 
Gould et Kapadia 
p; Reproduction by stolon; 
100 to 200 centimeters tall 
(out of tall range). 
Dense ground cover Altitude from 300 to 
3000 masl; Present  in 
Mexico's Valley,  
fertile soils 
D taught ground 
cover 
V Bouteloua scorpioides Lag. p, 30 to 60           
centimeters tall; 
No dense ground    
cover 
Xerophytic scrub 
forest. Altitude from 
500 to 3000 masl; 
Present in Mexico's 
Valley. poor soils. 
Beautiful 
flowers. 
V Bouteloua triaena (Trin. ex 
Spreng.) Scribn. 
p; 50 centimeters tall; No dense ground    
cover 
Xerophytic scrub 
forest. Altitude from 
500 to 3000 masl; 
Present in Mexico's 
Valley. Poor, dry soils. 
Beautiful red 
flowers. 
V Bouteloua Swallen williamsii  p; 115 centimeters tall; No dense ground   
cover 
Semi-arid regions Beautiful 
flowers. 
I Ixophorus unisetus (J. Presl) 
Schltdl. 
p, 150 centimeters tall    
(out of tall range); 
No dense ground   
cover 
Altitude from sea level 
to 1650 masl (out of 
tall range); 
 
G Bothriochlo alaguroides (DC.) 
Herter 
p; Reproduction by stolon; 
30 to 130 centimeters tall 
(out of tall range). 
No dense ground   
cover 
Ruderal; Present in 
Mexico's Valley. 
beautifulflowers 
in panicles. 
G Distichlis spicata (L.) Greene p; Reproduction by stolon; 
60 centimeters tall 
Dense ground cover 
Ruderal; Present in 
Mexico's Valley,  
Saline soils. 
D taught ground 
cover 
V Muhlenbergia glabrata (Kunth) 
Trin. 
p; January 00 centimeters 
tall; 
No dense ground 
cover 
Xerophytic scrub 
forest. Altitude from 
2300 to 3000 masl, 
Growth in 
shallow soils. 
 
Va Muhlenbergia microsperma  
(DC.) Kunth 
a; 10 to 70 centimeters tall. Dense ground cover. 
Forms large colonies. 
Rocky and dry 
grounds. 
Very attractive 
by its beautiful 
red flowers. 
Immigrant status: In this list all plants are native. Nomenclature: V= very good in combination with an optimal; G= good with some 
incompatibility; Va= Very good for annual use; I= incompatible; a= annual; p= perennial; a/p= annual and perennial. 
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5. Other Mexican standards 
In addition to standard NADF-013-RNAT-2007 [12] the Federal District government has standard 
NADF-006-RNAT-2004 [24] which presents a list of suitable vegetation to create green areas at D. F. but 
does not include yet the green roofs. It also has an official plan called “Plan Verde” (Green Plan) that is 
promoting and building green roofs and walls in Mexico City, but over time some have failed for the 
death of vegetation, as in the housing complex “La Valenciana” [25]. 
In the case of the Federal District, and the Federation, green roofs are not taken into account as a 
thermal control. Some official programs mention the benefits of using green roofs to improve the thermal 
performance of buildings, such as NAMA - Mexico [26] without providing specifications. Other 
important national programs as “Hipoteca Verde” (Green Mortgage) [27] and other manual: Design green 
areas in housing developments [28] take them into account, but do not provide specific data.  
6. Conclusions 
In Mexico the use of green roofs to improve energy performance in relation to heat transfer in 
buildings is a recent theme. There is a confusion in the proper use of vegetation for project designers, 
developers and regulatory agencies. 
The criteria proposed in this paper for the selection of appropriate species for thermally efficient green 
roofs match the experiences that precede it in a global and local level. These species are suitable to 
vegetation and MAMC conditions, and can be the basis to promote better use of our plant, water and 
energy resources. 
We have identified four highly efficient succulent species which may serve as the basis of extensive 
and semi extensive greening. There are also seven other native plant species highly resistant that when 
combined have a good performance on the green roof. 
There were also considered four species of grasses that provide all services to the green roof, and 
twelve species of grasses that respond to the requirements and the climate of the MAMC. 
Knowing the requirements for living plants, the green roofs according to their functional purpose and 
climate, we will be able to develop sustainable and  thermally efficient systems. 
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